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(54)  Dynamic  pressure  type  fluid  bearing  device 

(57)  A  dynamic  pressure  type  fluid  bearing  device 
includes  a  rotary  shaft  (1),  a  hollow  sleeve  (2)  in  which 
the  rotary  shaft  (1)  is  rotatably  mounted,  and  at  least 
two  sets  of  dynamic  pressure  generating  grooves  (4,  5) 
formed  in  either  an  outer  surface  of  the  rotary  shaft  (1) 
or  an  inner  surface  of  the  sleeve  (2).  In  this  construction, 
a  value  obtained  from  k  x  sin  p  is  made  equal  to  about 
0.1  or  ranges  from  0.09  to  0.12,  where  k  =  d/e  ,  d  is  a 
width  of  the  dynamic  pressure  generating  grooves  (4, 
5),  e  is  an  interval  between  neighboring  dynamic  pres- 
sure  generating  grooves  (4,  5),  and  p  is  an  angle  of  the 
dynamic  pressure  generating  grooves  (4,  5)  relative  to  a 
direction  of  rotation  of  the  rotary  shaft  (1). 
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Description 

BACKGROUND  OF  THE  INVENTION 

(Field  of  the  Invention)  5 

The  present  invention  relates  generally  to  a 
dynamic  pressure  type  fluid  bearing  device  suited  for 
use  in  a  laser  printer  and,  particularly,  in  a  motor  of  a 
scanner  having  a  polygon  mirror  which  requires  highly  10 
accurate  and  high  speed  rotation. 

(Description  of  Related  Art) 

Fig.  3  depicts  one  of  the  dynamic  pressure  type  15 
fluid  bearing  devices  suited  for  use  in  high  speed  rota- 
tion,  as  disclosed  in  Japanese  Laid-open  Patent  Publi- 
cation  (unexamined)  No.  3-163212.  The  dynamic 
pressure  type  fluid  bearing  device  as  shown  therein 
comprises  a  shaft  1  ,  a  hollow  sleeve  2  in  which  the  shaft  20 
1  is  rotatably  inserted,  and  two  sets  of  dynamic  pres- 
sure  generating  grooves  8  and  9  formed  in  either  the 
outer  surface  of  the  shaft  1  or  the  inner  surface  of  the 
sleeve  2.  This  dynamic  pressure  type  fluid  bearing 
device  has  a  space  7  defined  between  the  two  sets  of  25 
dynamic  pressure  generating  grooves  8  and  9.  Air 
trapped  in  such  a  space  7  expands  under  the  influence 
of  heat  generated  during  high  speed  rotation  and  then 
escapes  outside.  In  order  to  easily  and  smoothly  dis- 
charge  the  air,  the  dynamic  pressure  generating  30 
grooves  8  and  9  have  hitherto  been  formed  so  as  to 
have  an  acute  angle  of  less  than  20  degrees  relative  to 
the  direction  of  rotation  of  the  shaft  1  and  a  depth  of 
more  than  4|xm  so  that  the  resistance  to  flow  may  be 
reduced.  This  construction  prevents  the  air  from  35 
remaining  inside  the  bearing  device  during  rotation  and 
attains  a  stable  rotation  of  the  shaft  1  . 

However,  all  the  dynamic  pressure  type  fluid  bear- 
ing  devices  do  not  have  a  completely  well-balanced 
shaft.  High  speed  rotation  of  an  unbalanced  shaft  tends  40 
to  cause  whirling  of  the  shaft  which  in  turn  brings  about 
the  so-called  squeezing  action  in  which  the  pressure  of 
a  lubricating  oil  is  increased  and  causes  the  lubricating 
oil  to  escape  from  the  bearing  device.  Because  the 
acute  angle  of  the  dynamic  pressure  generating  45 
grooves  8  and  9  reduces  the  dynamic  pressure  gener- 
ated  within  the  bearing  device  and,  hence,  is  disadvan- 
tageous  to  the  squeezing  action,  the  conventional 
dynamic  pressure  type  fluid  bearing  devices  are  not  sat- 
isfactory  in  terms  of  durability.  so 

Furthermore,  it  has  become  known  that  when  the 
circumferential  speed  of  the  shaft  exceeds  1  m/s,  air 
discharge  is  hindered  under  the  influence  of  the  centrif- 
ugal  force  of  the  lubricating  oil  as  the  dynamic  pressure 
generating  grooves  8  and  9  become  deep.  55 

SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  developed  to  over- 
come  the  above-described  disadvantages. 

It  is  accordingly  an  objective  of  the  present  inven- 
tion  to  provide  a  dynamic  pressure  type  fluid  bearing 
device  capable  of  achieving  highly  accurate  and  high 
speed  rotation  of  a  shaft  and  stable  lubrication. 

In  accomplishing  the  above  and  other  objectives, 
the  dynamic  pressure  type  fluid  bearing  device  accord- 
ing  to  the  present  invention  comprises  a  rotary  shaft,  a 
hollow  sleeve  in  which  the  rotary  shaft  is  rotatably 
mounted,  and  at  least  two  sets  of  dynamic  pressure 
generating  grooves  formed  in  one  of  an  outer  surface  of 
the  rotary  shaft  and  an  inner  surface  of  the  sleeve, 
wherein  a  value  obtained  from  k  x  sin  p  is  made  equal 
to  about  0.1  or  ranges  from  0.09  to  0.12,  where  k  =  d/e  , 
d  is  a  width  of  the  dynamic  pressure  generating 
grooves,  e  is  an  interval  between  neighboring  dynamic 
pressure  generating  grooves,  and  p  is  an  angle  of  the 
dynamic  pressure  generating  grooves  relative  to  a 
direction  of  rotation  of  the  rotary  shaft. 

In  the  above-described  construction,  the  width  of 
the  dynamic  pressure  generating  grooves  is  determined 
depending  on  the  angle  of  the  grooves  relative  to  the 
direction  of  rotation  of  the  rotary  shaft.  When  the  angle 
of  the  grooves  is  small,  air  discharge  therethrough  is 
made  smooth  by  enlarging  the  width  of  the  grooves, 
while  an  undesirable  discharge  of  a  lubricating  oil  from 
bearing  portions  of  the  sleeve  is  restrained  by  reducing 
the  pressure  of  the  lubricating  oil  which  may  be 
increased  by  the  squeezing  action. 

By  so  doing,  it  is  possible  to  prevent  a  reduction  in 
the  life  of  the  bearing  device  which  has  hitherto  been 
caused  by  reducing  the  angle  of  the  grooves  and  also 
prevent  air  retention  in  the  bearing  portions  which  hin- 
ders  the  rotational  stability  at  high  speeds.  In  addition,  it 
is  possible  to  further  deepen  the  dynamic  pressure  gen- 
erating  grooves. 

In  the  case  where  the  bearing  device  is  used  under 
the  condition  in  which  the  rotary  shaft  rotates  at  rela- 
tively  low  speeds,  it  is  favorable  to  reduce  the  ratio  k  and 
increase  the  angle  p  to  thereby  increase  the  bearing 
rigidity. 

It  is  preferred  that  the  angle  p  of  the  dynamic  pres- 
sure  generating  grooves  is  an  acute  angle  of  less  than 
15  degrees.  When  the  rotary  shaft  rotates  at  several 
tens  of  thousands  revolutions  per  minute  or  at  a  high  cir- 
cumferential  speed  more  than  1  m/sec,  this  angle  is  par- 
ticularly  effective  to  enhance  the  rotational  performance 
and  the  capability  of  holding  the  lubricating  oil. 

It  is  also  preferred  that  the  ratio  k  ranges  from  0.35 
to  0.65.  This  range  makes  the  width  of  the  grooves  sub- 
stantially  equal  to  that  of  non-groove  portions  and, 
hence,  makes  the  amount  of  lubricating  oil  on  the  non- 
groove  portions  substantially  equal  to  that  within  the 
grooves,  thus  smoothly  introducing  into  the  grooves  that 
portion  of  the  lubricating  oil  which  has  hitherto  been  dis- 
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charged  outside  by  the  squeezing  action,  and  enhanc- 
ing  the  reliability  of  the  bearing  device. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above  and  other  objectives  and  features  of  the 
present  invention  will  become  more  apparent  from  the 
following  description  of  a  preferred  embodiment  thereof 
with  reference  to  the  accompanying  drawings,  through- 
out  which  like  parts  are  designated  by  like  reference 
numerals,  and  wherein: 

Fig.  1  is  a  longitudinal  sectional  view  of  a  dynamic 
pressure  type  fluid  bearing  device  according  to  the 
present  invention; 
Fig.  2  is  a  partial  sectional  view,  on  an  enlarged 
scale,  of  an  essential  portion  of  the  fluid  bearing 
device  of  Fig.  1  ;  and 
Fig.  3  is  a  view  similar  to  Fig.  1  ,  but  depicting  a  con- 
ventional  dynamic  pressure  type  fluid  bearing 
device. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

This  application  is  based  on  application  No.  8- 
342975  filed  in  Japan,  the  content  of  which  is  incorpo- 
rated  hereinto  by  reference. 

Referring  now  to  the  drawings,  there  is  shown  in 
Fig.  1  a  dynamic  pressure  type  fluid  bearing  device 
according  to  the  present  invention,  which  comprises  a 
rotary  shaft  1  and  a  hollow  sleeve  2  in  which  the  rotary 
shaft  1  is  rotatably  mounted.  The  sleeve  2  includes  two 
bearing  portions  6  in  which  the  rotary  shaft  1  is  jour- 
naled.  Two  sets  of  dynamic  pressure  generating 
grooves  4  and  5  are  formed  in  either  the  outer  surface  of 
the  rotary  shaft  1  or  the  inner  surface  of  the  bearing  por- 
tions  6  of  the  sleeve  2.  The  dynamic  pressure  generat- 
ing  grooves  4  and  5  have  an  angle  of  pi  or  p2  relative  to 
the  direction  of  rotation  of  the  rotary  shaft  1  . 

As  shown  in  Fig.  2,  the  dynamic  pressure  generat- 
ing  grooves  4  and  5  have  a  width  of  d  and  are  equally 
spaced  at  intervals  of  e.  The  rotary  shaft  1  is  spaced 
apart  from  the  bearing  portions  6  of  the  sleeve  2  by  a 
clearance  AR  in  which  a  lubricating  oil  3  is  filled.  When 
the  ratio  of  groove  width  to  groove  interval  is  repre- 
sented  by  k  (k  =  d/e),  the  following  relationship  is 
established  in  the  practice  of  the  present  invention. 

k  x  sin  pi  (or  sin  p2)  =  about  0.1  (0.09-0.12) 

Under  such  conditions,  if  the  squeezing  action  is 
caused  by,  for  example,  whirling  of  the  rotary  shaft  1 
due  to  unbalance  thereof,  the  force  acting  on  the  sur- 
face  of  the  bearing  portions  6  becomes  large  in  the 
presence  of  non-groove  portions.  This  force  acts  to 
make  the  lubricating  oil  3  flow  along  the  dynamic  pres- 
sure  generating  grooves  4  and  5.  Such  lubricating  oil  3 

is  divided  into  one  portion  flowing  toward  the  inside  of 
the  bearing  device  in  a  direction  counter  to  the  direction 
in  which  the  pressure  acts  and  the  other  portion  escap- 
ing  outside  the  bearing  device.  That  portion  of  the  lubri- 

5  eating  oil  3  which  escapes  outside  the  bearing  device  is 
reduced  by  increasing  the  ratio  of  groove  width  to 
groove  interval  (k  =  d/e  ). 

On  the  other  hand,  where  the  pressure  escaping 
outside  is  high,  it  is  sufficient  if  the  angle  of  the  dynamic 

10  pressure  generating  grooves  4  and  5  is  increased  to 
increase  the  dynamic  pressure,  but  this  makes  the  rota- 
tional  stability  worse  because  air  discharge  is  also  hin- 
dered  at  high  speeds. 

Setting  the  groove  angles  pi  and  p2  and  the  ratio  of 
15  groove  width  to  groove  interval  k  to  the  above-described 

relationship  can  maintain  the  balance  between  the  rota- 
tional  stability  at  high  speeds  and  the  capability  of  hold- 
ing  the  lubricating  oil. 

Considering  the  amount  of  lubricating  oil  which 
20  would  be  discharged  by  the  squeezing  action,  it  is  ideal 

to  set  the  ratio  of  groove  width  to  groove  interval  kto  0.5. 
However,  when  the  tolerance  in  actual  machining  is 
considered,  it  is  preferred  that  the  ratio  of  groove  width 
to  groove  interval  k  is  in  the  range  of  0.35-0.65.  Experi- 

25  ments  made  so  far  have  revealed  that  such  setting  is 
sufficiently  effective. 

In  particular,  at  such  a  high  speed  that  the  circum- 
ferential  speed  of  the  rotary  shaft  1  exceeds  1  m/sec, 
setting  the  groove  angles  pi  and  p2  to  less  than  15 

30  degrees  further  increases  the  performance  of  the  bear- 
ing  device. 

It  is  to  be  noted  that  although  in  the  above- 
described  embodiment  two  sets  of  dynamic  pressure 
generating  grooves  are  formed  in  either  the  outer  sur- 

35  face  of  the  rotary  shaft  or  the  inner  surface  of  the  sleeve, 
the  rotary  shaft  or  the  sleeve  may  have  three  or  more 
dynamic  pressure  generating  grooves. 

Although  the  present  invention  has  been  fully 
described  by  way  of  examples  with  reference  to  the 

40  accompanying  drawings,  it  is  to  be  noted  here  that  vari- 
ous  changes  and  modifications  will  be  apparent  to  those 
skilled  in  the  art.  Therefore,  unless  such  changes  and 
modifications  otherwise  depart  from  the  spirit  and  scope 
of  the  present  invention,  they  should  be  construed  as 

45  being  included  therein. 

Claims 

1  .  A  dynamic  pressure  type  fluid  bearing  device  corn- 
so  prising 

a  rotary  shaft  (1); 
a  hollow  sleeve  (2)  in  which  said  rotary  shaft  (1) 
is  rotatably  mounted;  and 

55  at  least  two  sets  of  dynamic  pressure  generat- 
ing  grooves  (4,  5)  formed  in  one  of  an  outer  sur- 
face  of  said  rotary  shaft  (1)  and  an  inner 
surface  of  said  sleeve  (2), 
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wherein  a  value  obtained  from  k  x  sin  p 
is  made  equal  to  about  0.1  ,  where  k  =  d/e  ,  d  is 
a  width  of  said  dynamic  pressure  generating 
grooves  (4,5),  e  is  an  interval  between  neigh- 
boring  dynamic  pressure  generating  grooves  5 
(4,  5),  and  p  is  an  angle  of  said  dynamic  pres- 
sure  generating  grooves  (4,  5)  relative  to  a 
direction  of  rotation  of  said  rotary  shaft  (1). 

2.  The  dynamic  pressure  type  fluid  bearing  device  10 
according  to  claim  1,  wherein  the  angle  of  said 
dynamic  pressure  generating  grooves  (4,  5)  is  an 
acute  angle  of  less  than  15  degrees. 

3.  The  dynamic  pressure  type  fluid  bearing  device  15 
according  to  claim  1  ,  wherein  k  ranges  from  0.35  to 
0.65. 

4.  The  dynamic  pressure  type  fluid  bearing  device 
according  to  claim  2,  wherein  k  ranges  from  0.35  to  20 
0.65. 

5.  A  dynamic  pressure  type  fluid  bearing  device  com- 
prising: 

25 
a  rotary  shaft  (1); 
a  hollow  sleeve  (2)  in  which  said  rotary  shaft  (1) 
is  rotatably  mounted;  and 
at  least  two  sets  of  dynamic  pressure  generat- 
ing  grooves  (4,  5)  formed  in  one  of  an  outer  sur-  30 
face  of  said  rotary  shaft  (1)  and  an  inner 
surface  of  said  sleeve  (2), 

wherein  a  value  obtained  from  k  x  sin  p 
ranges  from  0.09  to  0.12,  where  k  =  d/e  ,  d  is  a 
width  of  said  dynamic  pressure  generating  35 
grooves  (4,5),  e  is  an  interval  between  neigh- 
boring  dynamic  pressure  generating  grooves 
(4,  5),  and  p  is  an  angle  of  said  dynamic  pres- 
sure  generating  grooves  (4,  5)  relative  to  a 
direction  of  rotation  of  said  rotary  shaft  (1).  40 

6.  The  dynamic  pressure  type  fluid  bearing  device 
according  to  claim  5,  wherein  the  angle  of  said 
dynamic  pressure  generating  grooves  (4,  5)  is  an 
acute  angle  of  less  than  15  degrees.  45 

7.  The  dynamic  pressure  type  fluid  bearing  device 
according  to  claim  5,  wherein  k  ranges  from  0.35  to 
0.65. 

50 
8.  The  dynamic  pressure  type  fluid  bearing  device 

according  to  claim  6,  wherein  k  ranges  from  0.35  to 
0.65. 

55 
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